Storage of cultures of mycobacteria by freezing in skimmed milk was determined to be an easier and more reliable method of maintaining viability and stability than lyophilization.
Lyophilization, one of the more common methods of preserving bacterial cultures, has been used in this laboratory for several years. The microorganisms are suspended in skimmed milk, with rabbit's blood added for some of the more fastidious strains, frozen, and dried. In one study (1) , all lyophilized cultures, including Mycobacterium tuberculosis, survived storage at room temperature for as long as 5 years. As interest in atypical mycobacteria increased and the number of cultures maintained by monthly transfer could no longer be handled efficiently, many were lyophilized. These remained viable during the first 2 years of storage; after this period, however, a few no longer grew. Since other workers (2) had been successful in storing suspensions of mycobacteria in the freezer, this procedure was studied.
MATERIALS AND METHODS
Ninety-five strains classified as belonging to 10 species or groups of acid-fast bacilli were studied (Table 1) . Prior to lyophilization, all cultures except five M. bovis strains had been maintained by monthly or bimonthly transfer on modified Lowenstein-Jensen medium (3) . M. bovis cultures were maintained on this medium without glycerol. Cultures of acid-fast bacilli classified as rapid growers were incubated at 37 C for 1 week and others were incubated at 37 C for 3 or more weeks prior to refrigeration. To maintain the virulence of certain cultures, bovine strains were periodically passed through rabbits, human strains through guinea pigs, and avian strains through chickens.
Lyophilization. The growth from a slant of acid-fast bacilli was suspended in 0.7 to 1 ml of skimmed milk; 0.1 ml of this suspension was placed in each of six thick-walled lyophilization tubes (4 by 100 mm). These samples were frozen in dry ice in ethyl alcohol, and the tubes were held in vacuo for 4 hr. The tubes were sealed, checked the following morning for vacuum, and stored from 1 to 5 years at room temperature. At intervals of 1 to 2, 3, 4, and 5 years, the tubes were opened, the dry microorganisms were suspended in a small amount of Dubos-Davis broth, and the suspension was used to inoculate one to three tubes of Lowenstein-Jensen medium with or without glycerol.
Freezing. Growth from several slants of a strain of acid-fast bacilli was suspended in amounts up to 3 ml of skimmed milk; 0.5 ml was placed in half-dram (0.59 g) vials and stored by freezing at -20 C. At the appropriate time, the tubes were thawed and the material was placed in one to three tubes of medium.
RESULTS AND DISCUSSION
An occasional lyophilized culture did not grow when the tube was opened after more than 2 years of storage. This may have been because of uneven distribution of microorganisms, poor preparation of the tube, or a basic defect in lyophilization. As a test, 87 strains lyophilized during a 4-year period were inoculated on the appropriate media. If a strain failed to grow within 2 months, the other tubes containing this strain were also opened ( Table 2 ). The two H37Ra cultures in our collection did not survive lyophilization. Also failing to grow were 3 of 6 cultures of M. kansasii and 5 of 11 group III soil saprophytes. The cultures most frequently surviving lyophilization seemed to be scotochromogens, rapid growers, and M. avium. The Battey and human strains, however, also had fairly good survival rates.
In general, the longer the cultures were stored, the more likely they were to lose viability. Tubes containing several strains were opened after 2 and 5 years of storage. Cultures reconstituted after 2 years always grew, but after 5 years they occasionally did not. Tubes containing other strains lyophilized on two occasions a few years apart were opened at the same time. The cultures stored longer either grew not at all or showed as much growth as those stored for shorter periods.
Since lyophilization was ineffective for storing mycobacteria, another technique was investigated. It was considered that drying might be detrimental to the cultures and that freezing the milk suspensions without drying might be the solution. The skimmed-milk suspension remaining after 0.1 ml was placed in lyophilization tubes was GRUFT, CLARK, AND OSTERHOUT frozen in half-dram vials (experiment 2, Table  1 ); 4 years later, one of the lyophilized cultures and its frozen counterpart were inoculated on appropriate media (Table 3) . Although all cultures frozen in milk survived 4 years of storage, half of the lyophilized cultures were no longer viable. The cultures in the remaining tubes, which were duplicates of the nonviable cultures, also failed to grow. Biochemical properties and occasionally, lyophilized cultures of mycobacteria, especially some of the slow-growing saprophytic strains and M. kansasii, do not survive for more than a few years. Accordingly, another method, simpler and more reliable, was found to be satisfactory. The skimmed-milk suspensions, instead of being lyophilized, were frozen and stored at -20 C. When tested, the cultures were stable for as long as 4 years and survived storage at room temperature after thawing for as long as 3 weeks, more than enough time for shipment to another laboratory. Biochemical properties and virulence were maintained when stored in this manner. The human strain formed cords, maintained virulence, and was niacin-positive; the photochromogen strain remained photochromogenic, and so on. Cultures already lyophilized in this laboratory are currently being opened and, when found viable, are frozen in skimmed milk.
